Effects of bisphosphonates and inorganic pyrophosphate on osteogenesis in vitro.
The bisphosphonates, which are chemically related to pyrophosphate, have been studied extensively both in vivo and in vitro to elucidate their effects on bone tissues and cells. However, because these agents have important effects on bone resorption, the majority of investigations have focused on this area. Few studies regarding direct bisphosphonate effects on bone formation have been carried out in the past and, thus, we chose to use the chick periosteal osteogenesis (CPO) in vitro model system to test the direct effects of pyrophosphate and the bisphosphonates ethane-1-hydroxy-1,1-diphosphate (HEBP) and disodium-1-hydroxy-1-amino-propylidine (APD) on various parameters of osteogenesis in vitro. The data show that the bisphosphonate HEBP inhibits bone mineralization reversibly while APD, at low doses, may actually enhance mineralization of bone. Similarly, pyrophosphate (PPi) will prevent mineralization in CPO cultures. However, CPO cultures can circumvent PPi-mediated blockage of mineralization with longer-term, continuous (10-day) incubation, whereas this does not occur if cultures are incubated continuously with bisphosphonates. Both drugs appear to be able to reverse beta-glycerophosphate-induced changes in alkaline phosphatase activity, but do not appear on their own to regulate the activity of this enzyme. The findings show that in addition to their well-known effects on resorption, bisphosphonates have significant and direct effects on mineralization in bone-forming cultures. Their direct effects on osteoblastic activity and differentiation remain to be determined.